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AUTHORS: Plotnikov, A- F., Vavilov, vy. S., una Smirnov, L.- Ss 
p:fitapelade eee 
TITLE s Kinetics of photoconductivity in p-type neutron-irradiated { 
silicon 


PERIODICAL: Fizika tverdogo tela, V+ 3, N0- 41, 1961, 3253 - 3259 


TEXT: The defect formation due to fast-neutron jrradiation was investi- 
gated in single crystals of p-type silicon. The specimens used had been 
described by the authors in an earlier paper (FIT, 4» 8, 1961).. The 
defect level system arising due to the fast-neutron jrradiation in the 
forbidden band is shown in Fig. 1+ The photoconductivity investigated 
was that connected with the electron transitions to the levels +0. 30 ev, 


BY + 0.38 ev and E, + 0.45 eVe Temperature was around 400°K. ‘The olec- 


tron was excited by ateep-sided light pulses with rise and decay times of 

5 psec each. Photoconduction relaxation was agtudied separately for each 
level vy two independent methods. EB, + 0.30 svt (1) he build-up time Orn 

of photoconductivity was found at Ap~P, on an HO -1(ENO-1) oscillcscope- f 
cara 1/4 : 
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my? the initial electron concentration at level i, sas found to be 
ean? and o 3 wo" ome was determined for the hole trap ing 


cross section. (2) The build-up curves Ap =f(t) were investigated for 
Poe Ap.» It was confirmed that the building is governad by ail pee 
nential law. ‘The parameters of the centers were found to + n,f¥10'%en™, 
o 233° 107'4om* (first illumination) and neei0en7?, 578265 * 107 4on? 
(second illun.iuation). EY + 0.38 evs (1) Recording of the relaxation 
pulses without constant illumination for p,@8 * 10 Pome and OpN3- 10° om™ 


3. sec”) and o M5 -407'Tam®. (2) Recording of An. 


3 


yielded: mal 107m" 
with constant illumination (p,76° 107 em? and Ap3 © 10% cm?) yielded: 


Ul eae 


nat w10%em™ ° geo”. and oN * 10 - (q - capture cross section 


of a photon by an electron at the level M3; I - intensity of exciting 
light.) EB, + 0.45 ev: Ap, was studied as a function of time. It was 


found thas for t {0.2 sec carriers localized at centers with Eyt+ 0.30 ev 
Card 2/4 


BESSEORS SSR dae 


APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001859030007-8" 


"APPROVED FOR RELEASE: 08/31/2001 


2 <i FBaiigecsts ae 


iecratalobasiliaesE tua ardoaioeuten cease 


Pet ¢ Penranenes ek! 


20789 : 
5.1181/61/003/011/001/056 é 
Kinetics of photoconductivity in +-- B102/B138 | 


and for 0.2¢t¢ 0.6 nec carriers localized at EY + 0.38 ev participated , ! 


in relaxation. for t>0.6 sec the carriers taking part in selaxation | 


were localized in centers with the following parameters: : 
o8107'Ton” and moat = Aen nee they belong to the (EY + 0,45 ev) 


level. Finally the relaxation of photoconductivity was studied which 
‘was connected with electron transitions from the valence band to the 
(EY - 0.16 ev) level. This level was found tobe an effective electron 


trap, with 4 ‘cross section of ow 107'?=107'en*. For holes the trapping 


cross section was only 107! ear Result: Exposure of high-purity 
p-type siligon specimens (resistivity ° ~110 ohmecmsy oxygen contents 
3 


5°10 rer hole concentration in the dark: 8*10°cm™ 3 Fermi levels 
0.2 - 0.5 ev distant from the edge of the valence band) to a fast-neutron 


flux (w10'? inion”) with v1 Mev led to the appearance of w10'4 defects /em 
-4n the forbidden band. The authors thank B. M. Vul, S. M. Ryvkin, 

L. D. Paritskiy, I. D. Yaroshetskiy, G. N- Galkin and B. S. Kopylovskiy 
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for remarks, critics and help. There are i0 figures and 5 references: 
4 Soviet and ! non-Soviet. 


ASSOCIATION: .Pizicheskiy institut im. P. N. Lebedeva AN SSSR Moskva 
(Phyaics Institute imani P. N. Lebedev AS USSR, Moscow) 


_ SUBMITTED: April 29, 1961 


Fig. 1 
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AUTHOR: 


TITLE: processes of radiation jonization in germaniua and silicon 
; crystals 


PEXIODICAL: Uspekhi fizicheskikh nauk, V- 795 N0- 2, 1961, 263 - 276 


TEXT: The author restricted his investigation to photoionization and 
jonization under the action of charged particles, when valence electrons 
are liberated in 8 ystals. Ionization of impurity atoms as 
well as thermal and impac i i in a strong electric field were left 
unconsidered- llustrated in Fig: 1. 
Measurements made i jrmed theoretical 
predictions concerning the @ i al electric field upon 
photoionization. In the spectra i sponding to valence band - 
conduction band transitions, the edge of the absorption band is shifted 
considerably. In case of 0.8 - 0-9 wavelengths, the field applied raises 
fticient strongly. This phenomenon js a true "field 
t associated with carrier absorption. B. M. Vul, 
4138 (1958)), Fe F- Yol'kenshteyn (Trudy FTAN 1, 
tioned in this connection. The 
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quantum yield of photoionization in crystals with p-n junctions is deter- 
mined along with the spectral dependence of the quantum yield of phcto- 
ionization in germanium crystals. This investigation of photoionization 
inside the main optical absorption band of germanium and silicon showed 

that the quantum yield exceeds unity by far if the photon energies are 
sufficiently high. M. N. Alentsev, S. I. Vavilov (Sobr. soch., t. 2, M., 
Izd-vo AN SSSR, 1952, str. 293), F. A. Butayeva, V. A. Fabrikant (Izv. AN \ 
SSSR, ser. fiz. 21, 541 (1957), S. Koc, Seskoslov. éasopis pro fiziku, 6, 

668 (1956)), E. Antonchik, Geskoslov. Gasopis pro fiziku, 7, 651 (1957) 

are mentioned in this connection. If the photon energies are a multiple of 
the forbidden band width (as with X-radiation and Y-rays), the quantum 

yield will be proportional to the photon energy: 4 = hy/t. MM. V. Chukichey, 
and V. S. Vavilov (Fiz. tv. tela, 3, 935 (1961)) found & = 2.5 t 0.3 ev 

in their study of ponies tion in germanium single crystals that were gamma- 
irradiated by a Co O source. The same nad been found by the Czechoslovakan 
physicists Dragokupil, Malkovskaya, and Tauts (Cs. J. Phys. 7, 521 (1957)). 
In case of ionization in germanium and silicon crystals under the action of 
fast charged particles, the energy per electron-hole pair does not depend 
upon the particle enerzy. V. S. Vavilov, L. S.Smirnov, V. KM. Patskevich X 
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(DAN SSSR 142, 1020 (1957)) are mentioned. There are 11 figures and 50 
references: 2%3 Soviet-bloc and 7 non-Soviet-bloc. The three most recent 
references +o English-language publications rend as follows: #. Plann, 
W. Van Roosbroeck, J. Appl. Phys. 25, 1422 (1954); K. MacKay, Phys. lev. 
4108, 29 (1957); P. Wolfe, Phys. Rev. 95, 1415 (1954). 


Fig. 1. Experimental Fig. 1 
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Paper was submitted at the International Conference on 
Crystal Lattice Defects at Kyoto, 7-12 Sep '62 


(for Vavilov, v. s.) P. N, Lebedev Inst of P 
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Leninsky. Prospect 53, Moscow 4 
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AUTHORS: Plotnikov, A.F., Vavilov, V,S., and Kopylovskiy, B.D. 


TITLE: An apparatus for studying the spectra and kinetics of 
photoconcuctivity in semiconducting crystals 


PERIODICAL: Pribory i tekhnika eksperimenta, no.%, 1962, 183-187 


TEXT: The apperatus was designed for studyi:.g photo- 
conductivity in single crystals in the infrared part of the 
spectrum at low temperatures. A block diagra”n of the apparatus 
4s shown in Fig.l. The infrared radiation is taken from an 
"1402412 (IKS-12) monochromator and is focused on the specimen fe) 
by a system of mirrors. The radiation reaching the specimen is 
partly reflected on to a bolometer f> whose output is fed into 
an amplifier tuned to 9 c.p-S- This is used to control the x 
incident intensity. The specimen is placed ina convantional 
metal cryostat and maintained at “100 °K. Thick germanium and 
silicon filters ‘. are used to reduce scattered radiation. _The 
specimen is connected by short leads to the input stage of an 
amplifier, which is in the form of a cathode follower with double 
screening and negligible grid current. The double screening 
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ensures low input capacitance. The input stage is connected to a 
narrow-band amplifier tuned to $ c.p.s. which is followed by a 
synchronous detector coupled to the modulator. The oust ttyi ty is 
0.5 x 1079 V/division with an input resistor of 5 x 10 13 ohm. 

The photoconductivity. spectrum and the incident spectrum are 
recorded on a pen recorder chart. Both a.c. and d.c. operation is 
possible. Amplifier circuit diagrams are reproduced. The appara~ 
tus has been used to measure photoconductivity spectra of fast 
neutron-irradiated silicon crystals. An account of the results 

is given elsewhere (V.S, Vavilov, A.F. Plotnikov, J.Phys.Chem. 
Solids, Pergamon Press, 22, 1961, 31). Studies of the kinetics of 
impurity photoconductivity carried out with this apparatus have led 
to a determination of the cross-section for carrier capture by 
levels associated with structural defects which are produced in 
p-silicon after irradiation by fast neutrons. 

There arc 6 figures. 
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OTPbE ™ne interaction of lithium atoms introduced into silicon 
jon defects of the structure 


with the padiat 

egqIopICAL: Fizika tverdogo tela, Ve 4s RO: 5, 1962) 1126-1151 

tion of Li impurity atous in Si j 

fects that were produced by fast- ‘ 
was introduced by giffusion from 


Li equiliorium concentration in 
ype (@~ 150 onm-cm) 
f Li the p-type 
ations of 


s studied the interac 
4th tne structural de 
Tne Li impurity 
2 - 1 Li- 


Teer; The autnor 
single crystals ¥ 
electron ‘comoardment. 
nelt containing O. 
7 0) ; 
550-650 C- he Li samples were p-t 
and cub out of single crystals. After introduction 0 
were transformed to n-type with carrier concentr 
? : + } : 
rmed oxide ions Lio’, which have shallow 
oom temperature, the carrier 


as Lio’. Electron 
ture. At Li concentrations 


a sn-Li 


Si was reached at 


samples 


510 10 cn 
donor Levels and are 


-3 since Li fo 
relatively stable at r 


concentration (n) equals the sum of the ions Li 
nonearanent (0-9 Mev) took place at room tempera 
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of 3-19/4 - 5°10! er, a two level groups were found in the upper half of 
the fordvidden band: E, -0.17 and 0.4 ev. For the level By which is filled ‘ 


with electrons uy20.17 ev is found. When the irradiated samples are 4 


heated to 330-350°K the carrier concentration was found to be greatly 
reduced. he results, presented by a curve. which has three sections, 
can be described by ae sa 


Se ee 
n ‘1 3 
ago Ae “+4 Be "+Ce %, (1). 
UCR ty 
The Berective diffusion coefficient D eff 7 0. 1% Do 7D, is the diffusion 


coefficient of Li when Cis absent. There are 2 fiaasee. 


ASSOCIATION: losxovskiy gosudarstvennyy universitet im. M. V. 
Lomonosova (ifoscow State University imeni M. V. Lomonosov) 


SuBuITTsD: December 8, 1961 
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AUTHORS: Malovetskaya, V. i., Galkin, G. H., and Vavilov, V. S. 
TITL:: The spectrum of radiation defects in silicon 
PERIODICAL: Fizika tverdogo tela, v. 4, no. 5, 1962, 1372-1374 

m1 ‘ 
TExO; sfter electron irradiaticn of silicon local energy levels are found § ; 
in the forbidden band at 0.17 ev and 0.4 ev below the conduction band vn 
(acceptor levels) and 0.27 ev above the valence band (donor level). While 
the two acceptor levels nave been shown to correspond to an association of 


a vacancy with oxygen and phcesphorus respectively, the nature of the doner 


@ 
were drann from quartz crucibles and irradiated with 1 Mev electrons fron 
{ an electrostatic generator at 17 + 17°C. The oxygen concentration was 
determined from the intensity of tne infrared absorption band at 9.1 xicrons 
fhe position of tne energy levels and the defect concentration were deter- 
mined from the temperature dependence of the charge carrier concentration 
measured py the Hall effect. This is better than measuring resistivity or 
life-time at constant temperature, as the latter give less precise 
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LUTHORS : Molle, E- be» Malovetskaya> Ve Mes and Vavilov» V- S. 


mne effect of oxygen on the life-time of minority carriers 
in potype silicon : 
Fizika tverdoge tela, V+ 41 10> 5) 1962, 4374-1376 Hd 


meee : Single crystals of p-type gilicon were obtained by zone melting 
without @ crucible. yery low oxygen content was achieved by zone 
refinement in 4 hydrogen atmosphere Or in vacuum. In the %op part of the 
single crystal the oxygen concentration was incre 
the last passace in an atmosphere of noist hydrogen. The oxygen 
concentration Was getermined from the intensity of the infrared absorption 
pang at 9-1 microns. The life-time was meesured by B. D- vopylovskiy's 
phase method at @ low injection level. with oxygen content anereasing from 
5-10'° eats to 1.5710"! ear? the carrier life-time. increases from 4.6 to 

2 picroseconds. Its temperature dependence Was measured between 220 and 
430°K and was found to dininisn with temperature. The decrease is less for 
specimens with higher oxygen concentrations» and below o°c, it increased 
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Below o°c the life-time 
The temperature 


Tne effect of oxygen on the + 


existence of trap levels. 


agains indicating tne 
wag reauced by piaslightings and increased above- 
lige-time in gpecimens with low oxygen content followed 
combination level with an activation + 


dependence of 
the dependence Cc 
anergy of 0.27 eve 
with an oxygen concentration 0 
gtatisvical theory of shockley and Rea 
trenencdous increase with rising oxygen ¢ 
interaction or oxygen with impurity atoms, 
vacency - i 
appears tha 
the capture © 


alculated for 4 re 
f life-time for & specimen 


tne temperature dependence ° 

£ 1.5°10 1 em™? cannot be deacribed by the 

a for one rocombination level. he 
oncentration must 

dislocations and defects of the 
Dpination centers in silicon. It 
cross sections for 


t to form recom 
combination 
ers. There ar 
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AUTHORS $ 

TITLE Radiative recombination on dislocations in germaniui 

PERIODICAL: Fizika tverdogo tela, v- 4) no. 9s 1962, 2426 - 2433 : Ey 
and a lead sulfide photoresistor were used to \ 


mator 
in Ge crystals whose dislocation 


e recombination 

4-104 ear and whose electron equili 
-> at nitrogen 

due to indirect 


TEXT: A mirror monochro 
investigate the padiativ 


aensity rangea from 510° to 


concentrations var 
gemperaturess an intrinsic pan 


-band transitions. 
have dislocatio 
t 


al levels. 
and 


prium 


dy established at 2- 

ult of carrier 
je better resolved tin the case o 
4% shows recombination Levels at a 


m the conduction pand. 
6 ev fron the « 


Level group exists 
width of the emission 1 
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band. The half- 
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gs to one of the levels equals 0.016 ev. The intensity - 
proportional to I2 (1 is the injection current, {’ 
the intensity of the dislocation band : 


is. not linearly dependent on I, because the recombination venters are 
saturated. The shape and intensity of the dislocation pand.are strongly 
affected by the surface. treatment, this being due to different filling of 


the levels. There are 7 figures. 


Radiative recombination. .-- 


transition of ho.e 
of the intrinsic pand is 
m2). contrary to expectation, 


N, Lebedeva AN SSSR, Moskva 
Lebedev AS USUR, Moscow) 


Fizicheskiy institut im. P. 


ASSOCIATION: 
(Physics Inetitute imeni P. N. 


SUBMITTED: April 14, 1962 
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AUTHORS: Smirnov, be Ses Vavilov, V. Ses and Gerasimenko, N. N. 
TITLE: Kinetics of silicon recombination radiation . 


PERIODICAL: Fizika tverdogo tela, v- 4, n0- 9, 1962, 2628-2629 


TEXT: The possidility of studying the kinetics of silicon recombination - 
radiation -5 examined. Rectangular current ‘pulses were fed into Si 
crystals with »-n junctions. The recombination radiation fron the 

erystal was taken dy 4 photomultiplier, amplified with a broad-band 
amplifier and observed with an oscilloscope: The: crystals had been 
produced ty diffusion of phesphorus and by fusing aluminum on to the 
surface. The injection coefficient as assumed to remain constant up to 
ourrent densities of 10 a/em*. Results: The attenuation of recombin&t:on 
luminescence can be well described by an exponential law. The time 
constants of attenuation are approximately 2.7 microseconds for crystals 
with diffused junctions, 4.5 microseconds for crystals with fused 
junctions. When the crystal is cooled to Liquid nitrogen temperaturt the 
pulse amplitude does not decrease in proportion to the change in the 
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TITLE: Radiation defects in lithium-doped silicon 


PERIODICAL: Fizika tverdogo tela, V- 4, no. 12, 1962, 3373-3380 


~ExXT: The effect of lithium on the formation of stable radiation 
defects in gilicon and on the annealing of: these defects is studied by 
determining the temperature dependence of the carrier concentration from 
the Hall effect. The lithium was introduced into Si single crystals by 
aiffusion anneal*ng (550-650°C) from a tin-lithium alloy. The single 
crystals had a resistivity of 100 ohms cm} after doping they had n-type : 
conductivity. fhe carrier concentration lay between 301014 and 5 


awe 
aeto'! cm >, The specimens were jrradiated by 0.9-Mev electrons at room: * 
temperature. Results: In n-type silicon with lithium up to concentrationa 


of (1-2)+10 7 Pr i shallow energy-levels arise in the range fron 0.06 %°° 
to 0.14 ev below the bottom of the conduction pand, which are related to 
primary vadiation defects, 8+» to pairs of interstitial atoms and 
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re separated by different distances. The lithium in the 

Si crystal interacts with these defects. Such interaction ig similar to 

the processes that occur during the annealing of genetically unrelated 
vacancies and interstitial atoms. The trapping radius has the same order / 
ag the lattice constant, (Tis, * 5.4+1078 cm). In crystals that, after 


part of the lithium has peen deposited in the defects, are again of p-type 
conductivity, the levels 0.45 eV, 0.28 ev and 0.21 ev were observed above 
the top of the valency band. The centers corresponding to the level 
E, + 0.28 ev did not disappear completely even during annealing for 


geveral hours at 450°C and above; those corresponding to the level 
BE. + 0.21 ev disappeared completely during annealing at 450°C. There are 


vacancies which a 


he 
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AUTHORS ¢ Vavilov, VeSes Plotnikov, A.F-,» and Tkachev, y.D. 

TITLE: Invebtigating structural defects in gilicon single 


crystals by reference to the photoconductivity 


PERIODICAL: Fizika tverdogo tela, V» 4, nO-« 12, 1962, 3446-5454 
. oe 

TEXT: The photoconductivity spectra of p-. and n-type Si single erystals-- 7 
with different oxygens boron, and phosphorus concentrations, irradiated 
“py electrons (~1 Mev) from the electrostatic generator of the Laborator ya" 
fiziki poluprovodnikov (Laboratory of the Physics of Semiconductors) ‘ 
of the FIAN at 100 and 300°K, were investigated with a recording 
spectrometer designed on the basis of the WUKC -12 (1KS-12) monochromator. 
The specimens were plates (15+2.5°0-8 mm)’ with palladium contacts 

(p-type specimens) or with zinc contacts (n-type specimens). Results: 
Trradiation leads to the appearance of a largs number of discrete levels 
in the forbidden band. The dependence of the shape of the photo- 
conductivity spectrum on the position of the Fermi level, which is 
related to the excitation of electrons on the different levels, shows 
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ls (Fig. 11) can be related to defects. The higher 
sensitivity of photoelectric measurements as compared with electric a 
measurements ma f a series of 7 
centers with different jonization en i In Si single crystals, a 
jrradiation by neutrons fects as by electrons. ‘The 


radiation de 
in the range of 2 to 6 py, are not 
100°% showed that at room temperature no 
exist, but also associations of these with other types o 
makes it possible to study how such aggociations are formed and to 
determine the characteristics of defect diffugion. Electrically active 
jmpurities Cu, Au) with concentrations of 10'1 to 10'2 cm could be 


identified by  tuaying photoconductivity spectra. 


t only simple Frenkel! defects 
f defects. Tnis 


There are 12 figures. 
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TILTLE: . The photoconductivi tY spectra of monocrystals related with 
residual impurities ; 
PERIODICAL: Fizika tverdoBo tela, Ve 4 80° 42, 19625 3515-3971 
TEXT: ‘The photocondyuctivi ty gpectra of silicon monocrystals ( g1000 ohm-cal) 
at 400°K at constant and alternating excitation (modulating 
he crystals were either produced py : 
The measuring Vi 


the light 9 cps)- 


frequency of 
zone melting jn vacuo oF were grown in 
apparatus» described Dy Ae Fe Plotnikov et al, (PIES 3» 
i n the dark conductivity up to- “5 The }-dependences of the 
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dishes is higher by one order of magnitude than that of silicon produced 

by vertical zone melting in vacuo. The level at 1.68 corresponds to 

bipolar excitation, the level at 2.2 u corresponds to the acceptor level 

lying 0.54 ev below the bottom of the c-band and the level 2.8 p arises 

from bipolar excitation by the copper level Ey + 0.49 ev. In the latter 


case, minority carriers (electrons) are excited by double optical yi 
transitions to the conduction band. The level jin the region 2-5 p of the 
a-dependence of Ao/ol is evidently due to electron excitation from the 
gold level Ky - 0.54 ev to the conduction band. The broader level below 


2p» might be due +o bipolar electron excitation through 2 levels. ‘The 
shape of the spectral curves of the photoconductivity of p-type silicon 
i monocrystals (doped with gold up to 5°10 cm7>) confirms the above 
assumption that the impurity photoconductivity in unalloyed Si crystals 
4g caused by gold atoms. In Si monocrystals produced by zone melting in 


vacuo without any crucible the gold concentration is found to be 
108% 10'' em™? and the copper concentration 101! - 10°" eins Inet 
monocrystals grown in quartz crucibles or by vertical zone melting the 
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residual impurities, copper and gold, produce local centers with deep 
levels in the forbidden bands. There are 3 figures. 
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| ores Spectra of shotocontuobavity” 4n n-type silica bombarded with high-speed e 
i 


; TOPIC TAGS: photoconductivity, silica, n-type, electron, high-speed electron, 
' conduction band, valence band, forbidden band, center , defect | 


ABSTRACT: The photoconductivity of n-type silica was studied by means of the 
‘setup described by A. F. Plotnikov, V. S. Valjvov, and B. D. Kopy#lovskiy (PTE, 
No. 3, 183, 1962), The spectra were investigated with oscillating (modulation 
i frequency of 9 cycles) and steady excitation, The samples were plates cut from 

| single crystals and had contacts attached at the ends. The contacts were Pd and 
| Zn, depositad electrolytically, The bombardment was effected with sleatrons of 
11 Mev. The temperature of the samples during bombardment did not exceed. 25-300, 
| and measurements were made at a teuperature near 100X, From the measurenents 

‘of photoconductivity the authors diagrammed the positions of energy levels in the 
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| 1ike data on bombardment of p-type silica with electrens and neutrons, attest to. 

ia "got of several centers, the nature of most being as yet unexplained, The | 
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-"paddation" origin of centers with levels at E, -0.16, E, -O.0, 40054, and Ey 

' 40.45 ev 19 not questioned. These levels are starred in Fig. 1, it is possible 
lthat some of the levels are initially present in the material, not developing anew 
lbut mergly appearing because of the capture of equilibrium carriers by defects and | 
‘because of favorable conditions for measuring photoconductivity in bombarded silica; 
at low temperatures. "The authors express their sincere thanks to_Q 
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ABSTRACT: The authors have investigated the photoconductivity associated with _ 

deep levels of yadiation effects aris (1 mev) 
of very pure single crys a of single crystals alloyed with Au. They 
conclude thet & detected level of E sub V + 0.42 ev, belongs to an interstitiel 
tion corresponding to relaxation at the latter level 

From this value the effectiveness of 
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TITLE: Generation of minority carriers in silicon by fast electrons 


SOURCE: Pribory* i tekhnika ekape rimentés nO Da 1964. 719 -80 
TOPIC AGS: semiconductor research, silicon counter 


ABSTRACT: The theoretical spatial distribution of the ionization energy loss in 

_ Si given by B. Ya- yurkov (Zh. tekhn. fiZ-: 1958. 28, 1159) has been experimen- 
tally verified. A Pp-™ junction was prepared by diffusion P in p-Si having 2 
resist:  '¥ of | ohm-cm-. Experimental curves of the average ionization loss v6. 
the depth of penetration: for electron beams with initial energies of 250, 500, 
700, and gQ0 kev are presented Wathen the ugual experimental errors, the 
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ing bombardment. To record changes in this lifetime, the authors measured the 
short-circuited current (Igo) 39 the circuit of a crystal with 4 pen junction 
during bombardment by 4 stream of electrons, The number of combination centers 
introduced by radiation in small doses i8 equal to the product of electron flux 

) and the rate of defect production (%) (by ¥ is meant the ratio of number of 
defects per cu cm to the electron flux per 84 cm). The relationship among these 
values is then 

a(g)~ a(t | 
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where o is the capture cross section of carriers by the given cemer, Vv is the 
thermal velocity of the carriers, and £(E,- ) is the function of level filling. 
Bombardment by electrons of 1 Mev was carrted out at room temperature. The rela- 
tionsnip between electron flux and change ia short-circuited current (proportional. 
to Lifetime of carriers) for various directions of bombardment is shown in Fige 1 
of the Enclosure. The observed orientation dependence js associated with the 
presence of interstitial positions in a loose lattice of the diamond type. "The 
authors thank S, I. Vintovicin for his aid in bombarding the samples." Orig. arte 
has: 1 figure. 
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‘ABSTRACT? The following types of Ge single crystals have been irra~ 
idiated by fast electrons with energies ““l Mev at room temperature; 
‘(a) notype with initial resistivities 9 of 3 and 56 ohm*cn; (b) die- 17 
‘jocationless n-type, p ~/ 3 ohmecm; (c) P-type with a residual im- 
‘purity concentration of 101! to 1033 at/cem3, The ohmic contacts were 
‘realized by the deposition of colloidal graphite. Photoconductivity 
spectra were measured at ~ 100K in the 1.7 to 10 y wavelength range. 
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In the irradiated specimens the Fermi Level was located 0,10 to 
0.17 ev below the bottom of the conduction band. Some of the conclu- . 
sions drawn from the results of the investigation are: lL) following 
{rradiation with a flux of 6 x 10:5 el/cm?, the photoconductivity 
spectra of n-type specimens showed the occurrence of a structure which 
can be connected with electron transitions from local levels B.—0.33, 
Eg 0.37 and Eo 0.43 ev to the conduction band. When the to' i elec 
tron flux is {nereased to 3 x 10!6 el/cm? the apecimen acquires chare | 
\. acteristics of p-type Ge; 2) spectra of type (b) specimens show that 
vacancy concentration increases almost proportionally with increased 
flux and that at a certain value of the electron flux there is an i 
{nerease (by almost one order of magnitude) in the concentration of : 
‘centers which yield a constant distribution of photoconductivity sige | 
nals in the 2.51.9 wavelength range; 3) a new maximum was detected. 
in the spectra of type (c) specimens which occurred in the presence 
and disappeared in the absence of bias lighting from the region of 
natural absorption; 4) at wavelengths up to 5 p, the spectra of type 
(c) specimens showed 4a puild-up of signals connected with electron 
transition to level BE, —|— 0.33 ev in the presence of 4 Ge filter; 
when no filter vas used a: maximum appeared at @ wavelength of 3.15 ws 
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'5) in nonirradiated type (c) specimens the disturbance which introduces 
level E,—+— 0.33 ev is due to copper atoms, whila in the irradiated 
type (c) specimens it is due to the joint action of copper atoms and 
.vacancies; 6) for the irradiated (c) specimens the hole-capture 
cross-section of level E,—}—-0.33 ev is at 100°K 5 x 107!9 cm?2, 


Orig. art. has: 9 figures. 
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transitions to levels in the upper half of the forbidden band; 


(3) a sublineér dependence of the aislocatien band intensity on 

the injection current at high current densities, suggesting internal 
processes in radiation centers giving rise to saturation. The 
present peece extends this work to higher dislocation densities 


(10°--10 ew o) and therefore stronger recombination radiation. 
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“I ; er tpand. which was Very weak at 
Lowex ‘temperatures. — Saturation in the -dependence of the dislocation 
band intensity on the injection current showed that radiation cen~ 
ters were not whole dislocations but jogs, nodes or other irregu- 
larities in dislocations. The actual positions of the levels of 
radiation centers could not be established from the available data. 
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the aid of a black body. n-type germanium with electron density No ~ 
I~ 5 X 1024 cm’3 and dislocation density N ~ 102 cm? was used. The 
‘dislocations were introdu 
‘ditions during the growth of the crystal. 
approximately 80K. The quantum yield was found to be quite small, 
' indicating that most recombinations on the dislocations are, nonra~ 
diative. Some explanations for this phenomenon are discussed. The |; 
results obtained for the quantum yield and for some related quanti- i 
ties are compared with data by others. "The authors thank A.’ V- 
Spitsy*n for determining the carrier density in the sample and S. I. 
Vintovkin and V. V- Mikhaylov for help with the measurements." » 
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of a new procedure the ionization energy under conditions where the | 
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ABSTRACT: The International Symposium on the Recombination of Nonequilibrium Current 
Carriers in Semiconductors was held in Warsaw Poland from 27 June to 1 vuly 1965. 
The Soviet delegation presented four conierence papers. shkarev_ reporte on 
the complex investigation of recombination processes in CdS type semiconductors. A 
report by S. G. Kalashnikov, N. G. Zhdanova and M. S. fogan dealt with the recombi- | 
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nation of not electrons in Ge impurity centers. S.M. Ryvikin made a theoretical 5:4 
review of the possibility of electron transitions at which emitted (or absorbed) 4 
energy is imparted to both lattice vibration and free charge carriers (electrons | 
and holes). A report by V. S. Vavilov, E. L. Nolle, and S. N. Maksimovskiy dealt 
with the spontaneous electron-heam-pumped CdTe. 
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.-|26 Mev at the cyclotron of NITYaF MGU. Zone -melted\ silicon with 
‘| resistivity 450 -- 800 ohm-cm was used as the initial material. Lith- 
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ium was “eposited on its surface by vacuum sputtering and allowed to 
- |diffuse «s 450 -- 500C to a depth ~ 100 1. The ion drift was produced . 
2J4n silicone oil at 120C and an inverse voltage of 3005 V. The resolv-/ 
“' ling power of the counters was determined by measurtny, the speetrum of; 


~' ie particles from a ome! source, and was found to range from 0.4% 
1.5%. The counters were used to investigate elastic and inelastic 
scattering of 26.3 Mev a particles by carbon nuclei. The tests have 
shown that the excitation functions plotted at fixed angles exhibited 
as a rule sharply pronounced nonmonotonicity, probab iy due to the 
appearance of some individual levels or groups of levels In the ecm- 
pound nucleus. The experimental data obtained were used to censtruct : 
the angular distributions at different energies of the incident 

‘iparticles. These were found to agree with theory at small angles and , 

. lexhibited a regular tendency for an increase in the cifferential cross 

-.4pection at large angles. No agreement was observed 2t medium angles. ' 
The results agree with the calculations based on the adiabatic model 


only at small angles. The authors thank I. B. Teplov, P. Matyya, and ae 
“ty; A. Kozlov for help during the work. Orig. art. hass 6 figures. — 
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AUTHOR: Vavilov, Ve S23 Nolle, E. L.; Yegorov, V. D.; Golubev, G. P.; Mashtakov, V. S. 


TITLE: Outfit for studying the recombination radiation of electron-excited ‘B 
semiconductors xy So 


SOURCE: Pribory A tekhnika eksperimenta, no. 3, 1966, 176~179 
TOPIC TAGS: semiconductor research, recombination radiation 


ABSTRACT: Connected with the outfits described by C. Benoit et al. (Physics of 
Semiconductors, Paris, Dunod, 1964), an improved outfit developed by the authors is 
capable of exciting semiconductors by 150-kev electron pulses that have a current 
density of 3 amp /cm? ; pulse duration, 0.25--10 (1 sec; repetition rate, up to 30 cps. | 
Stimulated radiation of cadmium telluride was achieved in this outfit for the first | 
time. An electron tube with a constant high voltage and a pulsed grid modulation is 
used for high-power electron excitation of semiconductors; a 20-section steatite 

tube has been actually used. A block diagram of the outfit, principal circuits 

of the pulse generator and synchronous detector, and the pulse shape of the electron | 
beam are shown. A He cryostat permits studying the recombination radiation of 
semiconductors at temperatures down to 10K. "The authors wish to thank S. I. 
Vintovkin, V. S. Ivanov, and B. D. Kopylovskiy for their valuable advice aca c 


with the development of the outfit." Orig. art. has: 4 figures. 
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ORG: Physics Institute im. P. N. Lebedev, Academy of Sciences 83SR (Fizicheskiy : a 
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§ - TITLE: Photo emf of p-n junction in a strongly excited semiconductor 
a ‘SOURCE: Zhurnal eksperimental'noy 1 teoreticheskoy fiziki. Pis'ma y redaktsiyu. ! 


Prilozheniye, v. 3, no. 9, 1966, 361-365 


. TOPIC TAGS: silicon, pn junetion, photo emf, ruby laser, laser application, elec- 
_ tric potential, potential barrier ; 
| 


. ABSTRACT: The authors investigated the variation of the photo emf with the radia- . 

: tion power incident on a silicon crystal with a p-1 unction. The p-n junctions | 

"were obtained either by diffusion of phosphorus in p-type silicon or by bombaréing | 

i p-type silicon with phosphorus, the latter junctions being shallower. The light 

' Bource was @ Q-switched ruby laser (A = 0.69 ‘u). A set of filters calibrated at 
high and low radiation power made it possible to cover the light intensity range 

| from 10"* to 5 x 10° w/em?. To check whether the photoemf depends on the duration : 

' of the pulse, some experiments were made with the laser without Q switching. The — 
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‘measurements have shown that the emf tends to saturate with increasing light inten-: 

: sity, that the saturation of the photo emf extends over several orders of magnitude 
_of the radiation power, and in no case does the limiting photo emf coincide with  . 
ithe theoretical value of the contact potential difference, as would be the case with ; 

| the potential barrier of the p-n junction to be completely lifted. It is therefore. 
‘concluded that the contact potential difference in silicon p-n junction canngt be : 
; determined by measuring the saturation photo emf. The authors thank Corresponding | e 
: Member of AN SSSR B. M. Vul and V. D. Yegorov for various remarks, and also N. M. | 
__: Borodina and V. V. Titov for supplying the samples of the silicon with p-n june : 
“tion. Orig. art. has: 2 figures. (0 
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ORG: Physics Inetitute im. P. Ne Lebedev, AN S56, Moscow (Fluicheakly institut AN | 


SSSR) 
TITLE: Radiative recombination in _golliun-araenide dLodes 


SOURCE: Fizika tverdogo tela, v- 8, eco 1966, 4 -91L 


TOPIC TAGS: gallium arsenide, radiative recombination, pn junction, 
recombination ‘emission, forbidden band F 
sses corresponding to the 


ABSTRACT: ‘To clarify the character of reconbination proce 

particular emission band in Gass (the short-wave band or one of the few long-wave 
pands), the authors investigated the dependence of the radiation intensity of each 

of the bands on the density of the current through 4 p-n junction. The samples 
tested were Gals diodes jn which the p-n junctions were obtained by diffusion of zinc 
in n-type material. The radiation was observed in a direction normal to the plane 

of the junction from the n-region side. Measurements were made of the emission | 
spectrum of the investigated samples, of the dependence of the intensity of the emis-| 
sion of the individual bands on the injection current at various temperatures at 


high injection levels, and of the dependence of the internal quantum efficiency on 
the temperature. The results show that the short-wave band, with 8 quantum energy 
close to the width of the forbidden band, is connected at high injection levels with | 
7 | 
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junction diode, 
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TITLE: Recombination radiation of diamondg during excitation by electrons 
17 | 
v 

SOURCE: Fizika tverdogo tela, v. 8, no. 5, 1966, 1522-1527 | 


TOPIC TAGS: recombination radiation, diamond, excitation spectrum, electron beam 
~ 

ABSTRACT: The authors study the recombination radiation spectrum of a diamond near 
the fundamental absorption edge and in the visibl region. A pulsed beam of 150 kev 
electrons was used for excitation. The pulse duration was variable from 1.3 to 12 
usec with a prr of 10 cps. The current density in the beam could be raised to 2 a/cm 
The recombination radiation spectrumextended in the visible region from 580 to 320 
mu. Some specimens showed a narrow band with a maximum at 389 mp. The radiation 
spectrum in the ultraviolet region consists of three bands with maxima at 235, 242.3, 
and 250 mu. The integral intensity of the fundamental radiation band (maximum 235 my) 
is only 0.5-1% of the integral radiation intensity in the visible region. It is as- | 
sumed that the bands at 242.3 and 250 my are phonon repetitions of the band at 235 my} 

| 


Card 1/2 


APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001859030007-8" 


EGE 


"APPROVED FOR RELEASE: 08/31/2001 


CIA-RDP86-00513R001859030007- 


EE SE 


x 32042255 


ACC NR, AP6015473°°~ 


When the curve for this band is extended alorg the axis for phonon energy it ap- 

pears asymmetric with a form approaching Maxwell distribution, which indicates that 

the radiation is due to recombination of free rarticles. The shape and position of 

the ultraviolet radiation bands, and the effect of excitation level and temperature 

on luminescence intensity show that luminessence is caused by annihilation of exci- 

tons with simultaneous radiation of phoners. Orig. art. has: 5 figures, 3 sales 
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ORG: Physics Institute im. P. N, Lebedev, AN SSSR, Moscow (Fizicheskiy institut E 
SR, Mosc 


AUTHOR: Wavilov V..5.; Guseva, HM. I.; Konorova, Ye. A.; Krasnopevtsev, Vv. Ve; 
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TITLE: Semiconductor diamondsYobtained by fon bombardment | 
ee EEE oe 
j 


SOURCE: Fizika tverdogo tela, v. 8, no. 6, 1966, 1964-1965 


TOPIC TAGS: semiconductor alloy, semiconductor crystal, semiconductor conductivity, 
diamond 


ABSTRACT: An investigation was made of the dependence of electric conductivity on vl 
the temperature and concentration of the impurities introduced Into a layer of diamond 
doped with lithium and boron by ion bombardment. Diamond doping was carried out in an 
fon-ray installation with 4 magnetic separation at a focusing angle of 180°, Lithium } 
and boron ions with an energy of 40 kev were introduced into the natural face of the 
crystal or into the cleavage plane perpendicularly to the crystallographic directions a 
(111) ana [100]. The activation energy for lithium was (0.29 # 0.01) ev and for boron 
(0,25 + 0.01) ey, mond has an electron-type conductivity, while in| 
he major charge carrders. Annealing of sSpecirens __. 
tmosphere had virtually no effect on the activa- ; 
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tion energy of electric conductivity; the general resistance of the doped layer in- 
creased somewnit only in the case of boron. The acceptor and donor levels appearing 
in the forbidden band as tte result of radiative defects are deep and have only a 
slight effect on the act{:-tion energy. With an increasing concentration of lithium, | 
the activation energy de -rezses in the range of high temperatures as well as in the | 
range of lower temperatures. These rules apply to the impurity band, in which the | 
concentration of lithium is avout 1029 em~3. Ion bombardment makes it possible to 
obtain semiconducting layers of diamond whose electric conductivity can change by 
5 to 10 orders, depending cn the extmt of doping. The energy level corresponding to 
the lithium admixture is separated by 0.29 ev from the bottom of the conductivity 
band, witle the energy level of boron is 0.25 ev from the top of the valence band. 
The authozs thank Y._M. Gusev for collaboration in the work, V. A. Mizonova and 
N. A. Shuvalova for the preparation of specimens, Yu. Ye. Andreyev for participation 
in the measurements, and S. A. Shevchenko for supplying a device for determining the 
sign for the Hall coefficient. Orig. art. had! 2 figures and 1 table. [JA] 
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TITLE: Photocondwetivity spectra of oxygen-alloyed a cremiian ccyatals temebiniadk se 
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ee coe 


' source: Fizika tverdoge tele, v. 8, no. 7, 1966, 1981-1984 ; 


TOPIC TAGS: photoconductivity, spectrum, germanium aingle crystal, fgmmrelectren, | 
owugneen. irrediation, crystal impurity, oxygen: aapmmiap..: z. 


ABSTRACT: In addition to electrically active impurities, germenium crystals ales coe; + 
tain neutral impurities, apecstically oxygen, the comcentration of which.im noreel . { 
crystals may reach 1016cm-3, Ic is not excluded that: associations of point-comtact de-| .: 
fects with oxygen atoms may appear in Ge crystals upon irradiction. The authors vere 
unable to determine the oxygen concentration in normal crystale in en absorption bend 

at «1 wavelexgth of 11.6y. At their reqyeet, the Semiconductor Department of MGU 


_ (Kafedra poluprovodaikov MCU) grew an- gen-alloyed germanium crystal. The crystal 
was subjected to diletion in an oxygen atmosphere with noncontrolled pressure. The 
single crystil obtafned ias n-type eiectroconductivity and a resistivity from 2 to 10 

_ oha-ca. Oa the basis of the investigations performed, the authors conclude that the 
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